Introduction

57
Dimethyl ether (DME:CH3OCH3) is a promising oxygenated fuel that has the potential to be 58 used as an alternative to natural gas for power production and as a substitute for diesel fuel. 59 DME has high oxygen content of 35 % by weight, making the combustion smokeless and a high 60 tolerance to exhaust gas recirculation [1] . The use of DME has been proven to significant 61 decrease particulate formation, nitrogen or sulfur oxides (NOx and SOx), and carbon monoxide 62 (CO) emission [2, 3] . DME also has a high Cetane number of 55 to 60 and a boiling point of 63 -25 °C. These properties are ideal for fast mixture formation, reduction in ignition delay, and 64 cold start for diesel engines [4] .
65
Due to its potential as a future alternative fuel, the combustion characteristics of DME have 66 attracted significant attention in recent years [5] [6] [7] [8] [9] [10] . A number of experimental and numerical 67 studies can be found in the literature on the combustion and emission characteristics of DME 68 under engine conditions [11] [12] [13] . Fundamental properties such as flammability and laminar 69 burning velocities [14] [15] [16] [17] , and combustion processes of DME under turbulent conditions [3] 70 were also reported. Detailed chemical mechanisms for low and high temperature DME oxidation 71 have been developed and validated [18, 19] , and a recent mechanism for DME mixture at high 72 pressures was also constructed by Burke et al. [20] . Furthermore, the effects of DME addition 73 on the high-temperature ignition and burning properties of methane-air mixtures were studied 74 experimentally and numerically [21] . Premixed and non-premixed ignition of methane/DME 75 binary fuel blends with hot air has been investigated through numerical simulation with detailed 76 chemistry and complete thermo-chemical as well as transport properties [22] . Detonation 77 velocities and characteristic cell sizes of DME-oxygen and DME-air mixtures have been 78 measured by Ng et al. [23] and Diakow et al. [24] , and the explosion and detonation 79 characteristics of DME were experimentally investigated using a 180-L spherical vessel and a 80 large-scale detonation tube by Mogi and Horiguchi [25] . In addition, experiments were also 81 carried out to examine the leakage and explosion of liquid DME [26] .
82
While DME flames have been studied extensively, comparatively little information exists 83 on the explosion characteristics, e.g., flammability limits, maximum explosion pressure, pmax, 84 maximum rate of pressure rise, (dp/dt)max of DME at various initial conditions. The knowledge 85 of the explosion characteristics of DME is of importance to ensure the safety in industries that 86 produce or use it. A realistic assessment of the explosion hazards of DME is necessary for 87 preventive measures of explosion accidents and the design of effective mitigation schemes.
88
Among those aforementioned combustion and explosion characteristics, a key combustion 89 property is the laminar burning velocity (SL) which is the velocity of a steady one-dimensional The objective of the present study was twofold. First, the explosion parameters of DME-air 101 mixtures are systematically measured from experiment. The explosion parameters include: the 102 maximum explosion pressure pmax, both lower flammability limit (LFL) and upper flammability 103 limit (UFL), and the maximum rate of pressure rise (dp/dt)max. Second, the combustion 104 characteristics (i.e., laminar burning velocity and the evolution of flame radius) are examined in 
Experimental setup
110
Measurements of the explosion parameters in DME-air mixtures were carried out in a standard 
112
It essentially consists of an explosion chamber, an electric ignition system, a control unit, a data 
Experimental procedure and conditions
120
For the explosion experiments, gas concentrations were regulated by the gas partial pressures.
121
The purity of the DME used in this experiment is 99.8 %. During the experiments, the explosion a typical pressure history of the DME-air of CDME = 10% at an initial pressure p0 of 100 kPa. The maximum rate of pressure rise (dp/dt)max is a commonly examined parameter for explosion 199 characteristics evaluation and used in deflagration index determination as in several previous 200 studies [ 49, 50] . The results of (dp/dt)max as a function of DME concentration at different initial 201 pressures are shown in Fig. 7 . It can be seen that, the relation between (dp/dt)max and CDME is 202 very similar as that of pmax as a function of CDME. The result indicates that the pressure rises 203 more abruptly at higher initial pressure. While for the same initial pressure, the value of
204
(dp/dt)max is larger near the stoichiometric condition.
205
It is noteworthy that the rate of pressure rise reaches its maximum value at a slightly higher velocity depends on pmax and dp/dt. SL calculated by this model was also used in our previous 231 study of NG-air mixtures [29] . The model gives the following expression:
where V is the vessel volume, p and p0 are the actual pressure and initial pressure, γ the adiabatic 234 coefficient of the unburned gas. SL is determined by a fitting method proposed by Dahoe, in 235 which SL is calculated by fitting the pressure history measurement (i.e., actual pressure p and 236 dp/dt 
241
The laminar burning velocity of DME-air mixtures at different equivalence ratios under 100 242 kPa determined using the two aforementioned techniques are shown in Fig. 8 
266
where rf is the flame radius, ra the radius of the vessel and r the dimensionless radius of burned 
280
The present measurement shows that the variation between pmax and DME concentration
281
(CDME) exhibits a typical inverse "U" shaped behavior, and pmax reaches its peak value when its 282 equivalence ratio is slightly larger than 1. It is found from the present measurement that pmax 283 decreases as the initial pressure goes down. The flammability region is found to be from 3.5 % 284 to 19 % of DME by volume at the ambient condition. As the initial pressure decreases from 100 285 kPa to 40 kPa, the LFL varies slightly and shows little sensitivity to the initial pressure, while 286 the UFL exhibits a more significant drop. The experimental data also show that the explosion 287 pressure rises more abruptly at higher initial pressure. The relation between (dp/dt)max and CDME 288 is found to be very similar to that of pmax as a function of CDME. Laminar burning velocity was 289 also estimated using both the PREMIX simulation and a mathematical model based on the 290 measured pressure evolution, and a satisfactory agreement is found between those results,
291
especially for CDME ≤ 9.5%. A decreasing trend of SL is observed with the increase of initial
292
pressure. This is due to the resulting increase in density with pressure causing the decreasing the 293 observed retarding effect of SL. Finally, the calculated dimensionless radius of the flame from 294 the pressure history is found to be smaller at higher initial pressure. Figure captions (dp/dt) max C DME =10%, p 0 =100kPa 
